Lopsidedness of the gaseous disk of spiral galaxies is a common phenomenon in disk morphology, profile and kinematics. Simultaneously, the asymmetry of a galaxy's stellar disk, in combination with other morphological parameters, has seen extensive use as an indication of recent merger or interaction in galaxy samples. Quantified morphology of stellar spiral disks is one avenue to determine the merger rate over much of the age of the Universe. In this paper, we measure the quantitative morphology parameters for the H i column density maps from the Westerbork observations of neutral Hydrogen in Irregular and SPiral galaxies (WHISP). These are Concentration, Asymmetry, Smoothness, Gini, M 20 , and one addition of our own, the Gini parameter of the second order moment (G M ). Our aim is to determine if lopsided or interacting disks can be identified with these parameters. Our sample of 141 H i maps have all previous classifications on their lopsidedness and interaction.
INTRODUCTION
In the study of the 21 cm emission of atomic hydrogen (H i) from nearby galaxies it was noted early on that many appear to be not symmetric. This phenomenon was termed "lopsidedness" of the H i morphology (Baldwin et al. 1980 ). Richter & Sancisi (1994) find that half of galaxy disks are ⋆ E-mail: benne.holwerda@esa.int lopsided. A similar deviation from the axi-symmetry in the stellar disks of galaxies was noted by Rix & Zaritsky (1995) and Zaritsky & Rix (1997) . The H i line profile of half the population of galaxies, also shows a clear deviation from symmetry on either side of the systemic velocity (Haynes et al. 1998; Matthews et al. 1998 ). Swaters et al. (1999) report a third kind of lopsidedness, a deviation from axi-symmetry in the position-velocity diagram, termed kinematic lopsidedness. The fraction of lopsided galaxies may depend on environment; e.g., the Eridanus Galaxy group counts twice as many lopsided galaxies as the field (Angiras et al. 2006) , but the Ursa Major group is similar to the field (Angiras et al. 2007) . Lopsidedness seems to be the strongest in the outer regions of a disk (Jog 1999) .
Disk lopsidedness may be the product of tidal interactions (Jog 1997) , minor mergers (Zaritsky & Rix 1997) , asymmetric accretion of fresh gas from the cosmic web (Bournaud et al. 2005a ), intergalactic gas rampressure (Mapelli et al. 2009 ), or an offset between the disk and dark matter halo ("disk sloshing", Levine & Sparke 1998; Noordermeer et al. 2001) . Alternatively, the phenomenon may be attributed equally to most of these causes (Mapelli et al. 2009 ). In the case of a stellar disk, lopsidedness may have an internal cause, such as a dynamical instability (e.g., Lovelace et al. 1999; Dury et al. 2008) .
Initially, the main way to identify lopsidedness has been a visual inspection of the H i column density map, line profile or velocity field of a galaxy (Richter & Sancisi 1994; Haynes et al. 1998; Matthews et al. 1998; Noordermeer et al. 2005b ). In addition, lopsidedness can be quantified using a Fourier decomposition of either the stellar image (Zaritsky & Rix 1997; Bournaud et al. 2005a) , the H i column density map (Angiras et al. 2006 (Angiras et al. , 2007 , or velocity field (Schoenmakers et al. 1997; Trachternach et al. 2008) . However, the Fourier analysis has only been performed on small samples of H i observations or larger samples of optical ones. We refer the reader to the in-depth review by Jog & Combes (2009) on the lopsidedness phenomenon.
In parallel with the line of investigation into galaxy lopsidedness, a considerable observational effort has gone into morphological tracers of interaction over cosmological times. These studies use certain quantifiable morphological parameters of restframe-ultraviolet images of distant and nearby galaxies to estimate the merger rate of galaxies (Abraham et al. 1994; Conselice et al. 2000; Lotz et al. 2004) . Two sets of parameterisations have emerged, the Concentration-Asymmetry-Smoothness by Conselice (2003) and the Gini-M20 by Lotz et al. (2004) . These parameterisations of galaxy morphology have now been applied on every deep multi-wavelength Hubble field to determine merger rates; in the Hubble Ultra Deep Field by Pirzkal et al. (2006) , GOODS by Bundy et al. (2005) and Ravindranath et al. (2006) , COSMOS by Scarlata et al. (2007) and Conselice et al. (2009) , GEMS by Jogee et al. (2009) , and the extended Groth strip by Lotz et al. (2008a) and Conselice et al. (2008) , as well as local reference samples (Conselice 2003; Lotz et al. 2004; Bendo et al. 2007; Muñoz-Mateos et al. 2009 ). The different parameterisations of galaxy appearance are sensitive to different stages of an interaction and different interaction types (Lotz et al. 2008b; Conselice 2009; Lotz et al. 2010a,b) but are very successful in estimating the galaxy merger fraction and rate over much of the age of the Universe.
Yet, to date, these studies have been constrained mostly to restframe ultraviolet and optical because these are the wavelengths where interaction-induced star-formation produces high-surface brightness features in galaxies with clearly disturbed morphology at wavelengths where the Hubble Space Telescope can reasonably observe them.
In the previous papers in this series (Holwerda et al. , 2011b , we have shown that a description of the H i morphology using these parameters is as sensitive, if not better than, any of the star-formation dominated wavelengths to the effects of interactions. Hence, the future Square Kilometer Array (SKA; Carilli & Rawlings 2004) and its precursor radio telescopes, South Africa's Karoo Array Telescope (MeerKAT; Booth et al. 2009; Jonas 2007; de Blok et al. 2009) , and the Australian SKA Pathfinder (ASKAP; Johnston 2007; Johnston et al. 2007 Johnston et al. , 2008a Johnston et al. ,b, 2009 , provide an opportunity to explore the lopsidedness phenomenon as well as interactions using 21 cm line emission (H i) of thousands of galaxies. However, to do so, automated parameterisations of the H i maps are needed and the relation between the lopsidedness phenomena and the above parameter space will need to be explored. If, for instance a parameter space can be identified for interacting galaxies, a merger fraction for a given cosmic volume can be measured. Combined with an estimate of the timescale a merger spends in this parameter space (Holwerda et al. 2011d) , one can then estimate the merger rate (Holwerda et al. 2011a) . Our ultimate goal is to simplify the selection of subsamples in the upcoming large H i surveys using existing morphological parameters.
In this paper, we compare the CAS and Gini-M20 parameters as determined in the H i column density maps of 141 galaxies, to the lopsidedness qualification and interaction determinations from and Noordermeer et al. (2005b) . In §2, we define the two main concepts, in §3 we briefly discuss the morphological parameters and present a new additional parameter. In §4, we describe the radio data used. Our results are presented in §5 with our conclusions in §6 and a brief outlook in §7.
LOPSIDEDNESS AND ASYMMETRY
In the following discussion, we find it useful to define the terms lopsidedness and asymmetry as they are often used interchangeably and the difference is subtle. Lopsidedness is a comparison of axi-symmetry, the level of symmetry of a galaxy image, line profile or velocity field when mirrored over an axis (minor or major) (Baldwin et al. 1980; Swaters et al. 1999) . Quantified definitions of lopsidedness are when a disk displays an m = 1 global spatial offset (m is the azimuthal wavenumber in a spatial Fourier decomposition) or the cos(φ) distribution (φ is the azimuthal angle) is non-axisymmetric. In the case of the WHISP sample, there are qualitative estimates of a disk's lopsidedness available from and Noordermeer et al. (2005b) . Asymmetry, as defined by Abraham et al. (1994) and Conselice (2003) , is the point-symmetry of an object; the level of symmetry when the object is rotated 180
• around its centre.
MORPHOLOGICAL PARAMETERS
The morphological parameters we compute over the H i column density maps are Concentration, Asymmetry and Smoothness from Conselice (2003) , M20 and Gini from Lotz et al. (2004) , and a single addition of our own; the Gini parameter of the second order moment of the light, GM . We describe our implementation of the existing parameters in Holwerda et al. (2011b,c) and below. The relevant input parameters are the central position of the galaxy (xc, yc), and a definition of the area over which these parameters are computed. The Gini parameter only requires the definition of the area and not the central position, making it less sensitive to input error. We obtained uncertainty estimates from a Monte-Carlo run, varying the central position of each galaxy and a separate run randomly redistributing the pixel values in the galaxy-area.
CAS
CAS refers to the now commonly used ConcentrationAsymmetry-Smoothness space (Conselice 2003) for morphological analysis of distant galaxies. Concentration of the light, symmetry around the centre and smoothness as an indication of substructure.
Concentration is defined by Bershady et al. (2000) as:
with r f as the radius containing percentage f of the light of the galaxy (see definitions of r f in Bertin & Arnouts 1996; Holwerda 2005 ). The asymmetry is defined as the level of point-, (or rotational-) symmetry around the centre of the galaxy (Abraham et al. 1994; Conselice 2003) :
where I(i, j) is the value of the pixel at the position i, j in the image, and I180(i, j) is the pixel at position [i, j] in the galaxy's image, after it was rotated 180
• around the centre of the galaxy.
Inspired by the "unsharp masking" technique (Malin 1978) , Smoothness is defined by Takamiya (1999) and Conselice (2003) as:
where IS(i, j) is the same pixel in a smoothed image. What type of smoothing is used has changed over the years. We chose a fixed 5" Gaussian smoothing kernel for simplicity.
Gini and M20
Abraham et al. (2003) and Lotz et al. (2004) introduce the Gini parameter to quantify the distribution of flux over the pixels in an image. They use the following definition:
Ii is the value of pixel i in an ordered list of the pixels, n is the number of pixels in the image, andĪ is the mean pixel value in the image. We chose this definition as it is the computationally least expensive. The Gini parameter is an indication of equality in a distribution (initially an economic indicator Gini 1912; Yitzhaki 1991), with G=0 the perfect equality (all pixels have the same intensity) and G=1 perfect inequality (all the intensity is in a single pixel). Its behaviour is therefore in between that of a structural measure and concentration. Lotz et al. (2004) also introduced a new way to parameterize the extent of the light in a galaxy image. They define the spatial second order moment as the product of the intensity with the square of the projected distance to the centre of the galaxy. This gives more weight to emission further out in the disk. It is sensitive to substructures such as spiral arms and star-forming regions but insensitive if these are distributed symmetrically or not.
The second order moment of a pixel i is defined as:
where [x, y] is the position of a pixel with intensity value Ii in the image and [xc, yc] is the central pixel position of the galaxy in the H i surface density map. The total second order moment of the image is given by:
Lotz et al. (2004) use the relative contribution of the brightest 20% of the pixels to the second order moment as a measure of disturbance of a galaxy:
The M20 parameter is sensitive to bright regions in the outskirts of disks and thus higher values can be expected in galaxy images (in the optical and UV) with star-forming outer regions as well as those images of strongly interacting disks.
Gini of the second order moment (GM )
Instead of using the intensity of pixels, we can define a Gini parameter for the second order moment of each pixel by substituting Mi (equation 5) for Ii in equation 4:
This is our contribution to the parameter space to provide an additional handle to characterise lopsidedness and interaction level. Our reasoning was that the Gini parameter has the added benefit of using the combined shape of the flux distribution curve (all the information in the image), rather than just a fraction. In Holwerda et al. (2011c) , we found hints that M20 may be not sensitive enough to interaction signature while Asymmetry is sensitive to other effects as well. A similar conclusion was reached by Lotz et al. (2008c) , hence GM is an attempt to define a single parameter to detect interaction using all the information on the second order moment.
WHISP DATA
The data we use are the H i column density maps from the Westerbork H Noordermeer et al. 2005b ). WHISP is a survey of the neutral hydrogen component in spiral and irregular galaxies with the Westerbork Synthesis Radio Telescope (WSRT). It has mapped the distribution and velocity structure of H i in several hundreds of nearby galaxies, increasing the number of H i observations of galaxies by an order of magnitude. The WHISP project provides a uniform database of datacubes, zeroth-order and velocity maps. Its focus has been on the structure of the dark matter halo as a function of Hubble type, the Tully-Fisher relation and the dark matter content of dwarf galaxies.
The WHISP observation targets were selected from the Uppsala General Catalogue of Galaxies (Nilson 1973) , with blue major diameters > 2.
′ 0, declination (B1950) δ > 20
• and flux densities at 21-cm larger than 100 mJy, later lowered to 20 mJy Observation times were typically 12 hours of integration. The galaxies satisfying these selection criteria generally have redshifts less than 20000 km/s (z < 0.07). A further prerequisite was that either or Noordermeer et al. (2005b) classified both the level of the galaxy's lopsidedness and whether or not it is interacting. The WHISP data was retrieved from the "Westerbork on the web" project at ASTRON (http://www.astron.nl/wow/). We use the column density maps with the highest resolution available (∼12" x 12"/sin(δ)). The positions and basic H i information (masses and diameters etc.) are from and Noordermeer et al. (2005a,b) . We used the central position (xc, yc) as input for the parameters and the radius of the H i disk (RHI ) to cut out a stamp of the disk before computation (a stamp was set at 7 × RHI ). The computed morphological parameters are in Tables A1 and A2 in Appendix A (electronic edition only).
RESULTS
The samples from and Noordermeer et al. (2005b) both have visual classifications of a galaxy's lopsidedness and whether or not it is interacting. Lopsidedness was determined for each galaxy's morphology in the H i column density map, its profile and velocity map. These are the morphological, profile and kinematic lopsidedness respectively. These classification were done by a single observer by visual inspection and hence carry some risk of observer bias. The classifications by for lopsidedness are: not-, weak-, and strong lopsidedness. The lopsidedness classification by Noordermeer et al. (2005b) is a little more nuanced with no, mildy-, moderately-, and severely lopsided. Both authors classify morphological, profile as well as kinematic lopsidedness with their respective qualifiers. To unify the two classification schemes, we re-assigned the classifications to lopsidedness categories of the Noordermeer et al. (2005b) classification: weak is equivalent to mild and strong to severely. In the following section we use the Noordermeer et al. lopsidedness scale. Noordermeer et al. (2005b) also gives an estimate on whether the galaxy is interacting and lists the five galaxies in their sample of 74 dwarfs that are in an active interaction. This fraction (5/74) might be an under-estimate and may not account for galaxies that are only mildly interacting.
In the following section (5.1), we compare the visual classifications of lopsidedness to our morphological parameters to determine if lopsidedness can be quantified with our morphological parameters. In the next section (5.2), we explore the distribution of interacting galaxies in our parameter space. These visual classifications are subject to possible observer bias but the aim here is to identify the parts of the morphological parameter space described in section 3 that hold the majority of lopsided or interacting galaxies. Appendix A (electronic edition only) lists the morphological parameters of all the galaxies in the and Noordermeer et al. (2005) sample in Tables A1 and A2 respectively. Figure 1 shows the histograms of the above six parameters (C, A, S, G, M20, and GM ) for lopsided (any strength) and non-lopsided galaxy morphology according to either or Noordermeer et al. (2005b) . Based on the definition of lopsidedness, we expected the Asymmetry, M20, and possibly the GM parameters to show a difference between the two populations. We observe a difference in the median in these parameters with the lopsided galaxies showing higher values for Asymmetry and GM and lower values for M20 (Figure 1 ). The Gini parameter shows a shift in the median value for the lopsided galaxies as well. Figure 2 shows the parameter space of C, A, G, M20, and GM with the different lopsidedness classifications (no, mild, moderate and severely). As mentioned above, weak and strong according to are plotted as mild and severely respectively. There is no clear part of parameter space where one could identify only, for instance, the severely (strongly) lopsided galaxies.
Lopsidedness
While the distributions of morphological values are different between lopsided and not lopsided galaxies, there is no clear cut in morphological parameters to discern between the two or separate out weakly and strongly lopsided galaxies. As it stands, the distributions in Figure  1 could be used to compute a probability that a galaxy is lopsided, but this would still have to be followed up with a visual inspection like those in and Noordermeer et al. (2005b) To illustrate further, Figures B1 and B2 in Appendix B (electronic version) show some typical H i maps from the WHISP sample for the minimum, mean and maximum values of Asymmetry and Gini for all four lopsidedness categories; none, weak, moderate and strong lopsidedness. In our view, these images illustrate how, for instance, Asymmetry and qualitative lopsidedness do not measure the same thing. A galaxy can be strongly asymmetric with a lot of flux in a spiral arm offset from the centre of the galaxy, while at the same time, the outer contour may appear much like a ordinary disk. Conversely a strung-out galaxy may appear very lopsided at the lowest H i flux levels, but if there is little flux in the outermost part, and a strong, symmetric disk (with a ring for instance), this may not show in any of the morphological parameters. Our parameters are fluxweighted by design but the qualitative visual classification of lopsidedness by the previous authors may not be. To verify if the shape of the outer contour alone is a better indication of lopsidedness, we compared the morphological parameters for the images with uniform weighting (pixel-values set to Ii = 1). The Gini parameter, in this case, is of no use as this image is perfectly equal (G=0). The Asymmetry, M20 and GM parameters show less change in distribution between the lopsided and non-lopsided populations.
Alternatively, in order to parameterize morphological lopsidedness in similar terms as the morphological parameters presented, one could redefine Asymmetry using a specific axis (requiring the additional input of a Position Angle). For example, Baldwin et al. (1980) chose the east-west axis and Richter & Sancisi (1994) chose the systemic velocity axis. We compared fluxes from either side of the centre of these galaxies for the x and y-axes of the maps (Ax and Ay, Tables A1 and A2 Table ? ? and ??). Lopsidedness cannot easily be quantified using the above common morphological parameters or simple variations thereof. At best, the histograms in Figure 1 can be Figure 2 . The distribution of parameters of the combined samples from and Noordermeer et al. (2005b) for the different morphologically lopsided classifications (no, mild, moderate, and severe). There seems to be no clear preference of a lopsidedness classification for any part of the parameter space.
used to assign a probability of morphological lopsidedness. In light of the fact that the above morphological parameters were developed to discern spirals from ellipticals in the optical, their insensitivity to the lopsidedness of spiral H i disks is a indication of the extent that they can be used to classify morphological sub-types. Therefore, a Fourier decomposition (similar to Zaritsky & Rix 1997; Bournaud et al. 2005a ; Angiras et al. 2006 Angiras et al. , 2007 is still needed to classify and quantify the lopsidedness of galaxies in future large H i surveys, such as WALLABY on ASKAP or a northern sky H i survey with APERTIF on WSRT or the MHONGOOSE 1 nearby galaxy survey with the MeerKAT radio telescope.
Interaction
Based on the literature, one expects there be some signal of interaction in Concentration, Asymmetry, M20 and Gini as Table 1 . The number of galaxies selected as interacting in the two WHISP subsets; the number and fraction of the sample, and number of individual galaxy in agreement with the visual classification by either author. The first three criteria are for the CAS and Gini/M 20 used in the literature. We defined criteria 3, 4 and 5 for H i morphology. The last three are various combination of our H i criteria. The criteria from the literature (1, 2 and 3) are for optical morphology and overselect H i disks compared to the visual classification. Of the H i criteria, (5) and (6) 
the galaxy is warped and tidal arms are formed: the interaction spreads flux from the exponential distribution, altering Concentration and Gini, adds bright knots of stars further from the centre in optical images, changing both M20 and Asymmetry, and interaction breaks the overall symmetry of the galaxy's image, also modifying Asymmetry. Since this parameter space was developed to classify galaxy morphology, one can expect changes in more than one of the parameters simultaneously when the spiral disk is gravitationally disturbed. During the interaction, one can also reasonably expect the disk to return periodically to unperturbed morphological values. Hence, we seek a section of this parameter space where interacting disks spend some of the several Gyr that an merger takes. The fraction of galaxies in this parameter space, together with and estimate of the typical time spent there gives a typical merger rate for an H i survey. Figure 3 shows the histograms of the morphological parameters (Concentration, Asymmetry, Smoothness, Gini, M20 and GM ), for interacting and non-interacting, isolated galaxies, according to Noordermeer et al. (2005b) . The five galaxies marked by as interacting are included. Again the interaction classification was done by a single observer, introducing some risk of a personal bias. The remainder of the Swaters et. al. sample is treated as isolated galaxies but it may contain some (mildly) interacting dwarf galaxies. In fact, given the observational result that lower mass galaxies at higher redshifts (z=0.2-1.2) show high fractions of interactions (∼ 10% Bridge et al. 2007 Bridge et al. , 2010 Kartaltepe et al. 2007; Lotz et al. 2008a; Lin et al. 2008; Conselice et al. 2009; Jogee et al. 2009; Lotz et al. 2010a) , the real fraction of interacting galaxies may be higher. We therefore treat the Noordermeer sample as the cleanest and consider the Swaters sample more for confirmation.
Both the CAS space and the Gini/M20 parameters have been used to identify morphologically disturbed galaxies in the literature and in the previous papers in this series, we established that the UV or FIR and the H i perspective trace similar structure. Thus, we expect to see some signal of interaction in many of these parameters, notably Asymmetry, M20 and GM . The interacting galaxies show high values of Asymmetry (A > 0.6). This is somewhat higher than the cut used by Conselice (2006) for optical asymmetry; A optical > 0.38 but they required A > S as well. The interacting galaxies have higher values of M20; M20 > -1, which is not too different from the cut used by Lotz et al. (2004) . Direct cuts are most commonly used in these parameter spaces. Alternatively, one could define the eigenvectors of the interacting population in the combined parameter space. However, simply excluding the locus of noninteracting galaxies and including most of the merging ones is the best one can do since the interaction qualifier is a subjective and qualitative one, not a quantitative one like the tidal disturbance parameter used in Karachentsev et al. (2004) and Bournaud et al. (2005b) . and Noordermeer et al. (2005b) do not discern between weakly and strongly interacting. In addition, the training is likely too small to define eigenvectors. Therefore we use hard cuts in parameter space and compare how well these retrieve the fraction and objects that the Swaters and Noordermeer papers marked as interacting.
Following the example of Scarlata et al. (2007) , we plot each morphological parameter against the others in Figure 4 for the combined sample and for the Swaters and Noordermeer samples separately in Figure 5 . Both samples appear to occupy the same parameter space, so combining them is not an issue. Interacting galaxies are marked. Figure 3 confirms the assertion from Conselice (2003) and Lotz et al. (2004) that Asymmetry and M20 are parameters sensitive to mergers, and our assertion in Holwerda et al. (2011b Holwerda et al. ( ,c, 2009 ) that H i is a good wavelength to investigate it. We define three criteria to select mergers:
A < −0.2 × M20 + 0.25,
and 
With the first one from Conselice (2003) and the last two from Lotz et al. (2004 Lotz et al. ( , 2010b . These are the dashed lines in Figures 4 and 5 , panels IV-VI, II and IV respectively. Combined with those from the literature, we list their success rates in Table 1 . From this table, it is evident that the criteria from the literature do not translate well to H i column density map morphology. These criteria select too many contaminants. In part this may be because both Gini and Concentration are linked and sensitive to how concen- Figure 4 . The parameter space of the combined samples from and Noordermeer et al. (2005b) for interacting (black symbols) and non-interacting (gray symbols). There are clear separations in Asymmetry, M 20 and G M distributions between the two populations of galaxies. Our two cuts in parameters are indicated with a dotted line: A > 4.3M 20 and G M > 0.6. Combined, these two cuts select a reasonable fraction of the interacting galaxies. Values in Tables A1 and A2 in the electronic version of the manuscript. trated the image is. As H i maps are more extended, there is a shift in values (see paper II, Holwerda et al. 2011c ). The GM parameter criterion performs well, selecting most interacting galaxies with GM > 0.6 but with quite some contamination, even in the Noordermeer sample (Table 1) which is the cleanest of the two. Therefore, a combination of one or more morphological parameters appears the most promising to cleanly separate an H i sample into interacting and isolated galaxies. The Asymetry-M20 selection criterion performs better in that it selects a similar fraction of galaxies but it does not agree with either Swaters or Noordermeer estimate in the case of individual objects. It does select many more objects in the Swaters sample but as we have noted above, one can reasonable expect more dwarfs to be (mildly) interacting than the five flagged by . The Concentration-M20 criterion works best as it selects a similar fraction of galaxies as the visual classification but also agrees on more cases of individual galaxies. It also agrees well with the Swaters selection of interactions. Alternatively, a Concentration-Asymmetry criterion may well work. For instance, combining any two of these criteria does not improve the selection appreciably. Combining the GM criterion and the C/M20 criterion, effectively is the latter criterion.
We intend to apply these morphological cuts on representative samples of H i observations, starting with the complete WHISP sample (Holwerda et al. 2011a ). To convert these fraction into a volume merger rate, one needs to compute the representative volume of the survey and a timescale for which merging systems reside in the interaction part of parameter space. We focus on these timescales in the next paper in this series (Holwerda et al. 2011d ), using SPH simulations of gas-rich 1:1 mergers.
CONCLUSIONS
Based on our quantified morphological analysis of 141 galaxies from and Noordermeer et al. (2005b) for which they provided visual estimates of the lopsidedness and level of interaction for H i disks, we can conclude the following:
1. The two-dimensional morphological parameters cannot discriminate between weak and strong lopsidedness as judged visually by previous authors. However, Asymmetry, M20 and GM , and to a lesser extent Gini parameters all show a shift in the mean of the distribution of values between the lopsided galaxies and those that are not lopsided (Figure 1 ).
2. We suggest, therefore, that these parameters can be used to assign a probability of lopsidedness (Figure 1 ). But future surveys should use Fourier analysis to find lopsidedness in the H i distribution.
3. The fraction of interactions in a sample of H i maps can however be determined similarly well using these parameters, as a visual classification. Individual parameters, such as Asymmetry and GM , do not select the interacting systems cleanly (Figure 3 and 4) .
4. Combined criteria, using Asymmetry and M20 or Concentration and M20, work better (Figure 4 and 5, and Table  1 ) and select the right fraction of a sample of galaxies is currently undergoing interaction, as identified by visual inspection. Combined with an estimate of the time a merger is selected by these criteria, one can estimate what the merger rate in an H i survey is. The benefits of such a merger rate determination would be less observer bias than a visual classification and a empirical visibility time, determined from simulations.
FUTURE APPLICATIONS
The parameter space, as we applied it to the WHISP H i column density maps, allows us to find candidates for lopsidedness and more accurately define the fraction of interacting galaxies, solely from their H i morphology. It remains to be determined how long an interacting disk remains in the interaction part of the morphology parameter space. This can be addressed with the new generation of simulations of major and minor mergers currently being undertaken (e.g, Bournaud et al. 2005b; Cox et al. 2006a,b; Weniger et al. 2009; Lotz et al. 2010a,b) , which include a comprehensive treatment of the interstellar matter in the galaxies during the merger. The time-scale for which a disk has a morphological interaction signature can then be determined by averaging over the many possible viewing angles. This timescale and the full WHISP sample (368 galaxies) will allow us to estimate the interaction rate of spirals locally, based purely on their H i morphology. This can serve as an additional zero-point for estimates of the merger rate at higher redshift. Upcoming nearby galaxy surveys with MeerKAT and the Widefield ASKAP L-band Legacy All-sky Blind surveY (WALLABY, Koribalski et al. in preparation) for the Southern Sky and Northern Sky Survey with APERTIF on WSRT will solidify the local Universe merger rate estimate, based on H i morphology. The future Square Kilometre Array can subsequently determine the merger rate of gas-rich galaxies over Cosmic times (up to z∼1 or better). The great benefit of H i surveys to determine the merger rates are the sensitivity of H i to interaction and the sensitivity of H i surveys to lower mass systems, for which the merger rate is the poorest constrained (see Lotz et al. 2010a,b) .
